This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



J 



Europaisches Patentamt 

® UjJl ^"^opean Patent Office © Publication number: 0 322 714 

Office europeen des brevets /\2 



© EUROPEAN PATENT APPLICATION 

© Application number 88121304.5 © int. Cl.^ G02B 5/30 G02B 5/18 

@ Oa.eo, filing: ^JJB 27/44 , G11B 7/13' . 



® Priority: 24.12-87 JP 328753/87 
2a03LS8 JP 70517/88 
1&04.88 JP 98511/88 
ia04.88 JP 96512/88 
17.06.88 JP 150438/88 

® Date of publication of application: 
05.07,89 Bulletin 89/27 

@ Designated Contracting States: 
DEFRGSrTNL 



© Applicant Kuraray Co., Ltd. 
1821. Sakazu 

Kurashiki-stil Okayama-ken 710(JP) 

© Inventor KawatsuW, Nobuhiro 
1-201. 1660, Sakazu 
KurashlW-shl Okayama-ken{JP) 
Inventor: tJetsukI, Masao 
2545-5, Sakazu 

Kurashlkl-shl Okayama-ken(JP) 

© Representative: Vosslus & Partner 
Siebertstrasse 4 P.O. Box 86 07 67 
D-8000 Munchen 86(DE) 



Csl 



CM 
CM 
CO 



Ul 



© Polarizing optical element and device using the same. 

© A polarizing optical element (7) which comprises a first substrate (7a) having a first surface formed with first 
and second gratings (7c, 7d) so as to cross relative to each other at a predetermined crossing angle (T) each of 
which first and second gratings (7c. 7d) has a grating pitch (A) equal to or smaller than the wavelength of a laser 
beam which may be incident upon the polarizing optical element (7). A magneto^ptical head system of a type 
compnsmg a laser source for emitting and projecting a laser beam on a magnetoHjptical recording medium and 
utilizing a magneto^ptjcal effect for reading infomiatlon. recorded on the magneto^ptical recording medium, by 
me uhlrzafon of reflected or transmitted laser beams reflected from or transmitted through the magnetoK>ptical 
recording medium and utiizing the polarized optical element (7) is also disclosed. 

Fig. 6 
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Polarizing Optical Element and Device Using the Same 



The present invention relates to a magneto-optical head utilizing the magneto^jpScal effect to read 
information from a magneto-optical disc and a polarizing optida element used in the magneto-opBcal head 
The present invention also relates to a polarization analyzing device tor delecting ditlracted light from the 
polarizing optical element 

5 As a writable and erasable infomiation earner, a magnetooptical medium is well known in the marfcet 
in recording or erasing Information on or from the medium, respectively, the magneto-optical medium 
^:^T:fTT'^ """" " *^ '^^'^ '° "'"^ accompanied byan increasr^ 
recwd^ intamalon from the magneto^ipScal medium. Kerr effect or Faraday effect is utilized In other 

^^VZ " fl" °' " PI^T^™" "^^^ '5 "fleeted from or transmitted 

lT^,^Zrf^ magneto^cal medium, the polarizing plane rotates. infomaSon recorded on the 
magnetosjptiral medium is read out therefrom by the detecflon of a slight change in polarizing state of the 
laser beam One wcample of the magneto-opBcal head assembly used for the information reading by the 
utilianon of Kerr effect or Faraday effect is illustrated in fig. 1 of the accompanying drawings 

; "^/^"T-S ^'^ fa'wen'^ "•""sral ' represents a semiconductor laser source for emitting a laser 
lenfa an'^1l%'^^r° " r^^T""^ ^ ^ "=^"9 "y a .illimator 

beam spLtter 4 and finally through an objective lens 5. Reference numeral 21 mpresents a second beam 
spLtter: refe^ numeral 22 represents a polarizing beam splitter: reference numerals 26 a^TSrS^t 

< respectwe first and second photo^etectors each comprised of a photodiode: refeie^ num^ ffl 
represent a four-division photo^tector assembly comprised of four photodiodes: refe^ num^al 

7^"^ T.Z^^^ZZ"^'"' ' "^"^ ^ ^ ^'^ - — - - 

fniinlSl!,'""*^''-^^"*'"^'"'''^ "^^ ^^"""^ construction shown In Rg. 1 operates in the 

following mannw. Tl^ laser beam L emitted from the semiconductor laser source 1 is. aft^L b^ 
colI.mat«^ by the collimator lens 2. passed through the beam shaping prism 3. TTie beam^ng^^ 
I '^T '^"^'^ «"«"'^ ^ beam L to represent a d^ar^S^^ 
m.T,;^^= '^8'' '"^"S P^^-" 3 's- '-tor t^ving passedl^ugh 

Cm P™'«=^ °"«° magneto-optical medium 6 is reflected back towarcte the 

list beam splitter 4 through (he objective lens 5. '"""us me 

ni.n™!lf^°"j! bdng written on the magnetooptical medium 6. the laser beam has its polarizing 
Ptene rotated .mJer me influence of Kerr effect and subsequenMy enters the first beam spttt^rrttTr 

Hn^TK,'!*^"^" *^ '^"^ '^^'^ entering the finals sWr 4 ts 

defl^ by the first beam splitter 4 so as to travel along a paB, different from the p^ Sh 
mcoming laser beam has passed through the first beam splitter 4. Tlie laser beam deflect brJ^fi^ 
beam splitter 4 is indicated by LI and travels towards Ihe second beam spfi^r^l ^^^.^^ 

assembly 28 and in part passed ttierethrough towards the polarizing beam splitter 22 P"°t°^««ector 
The reflected laser beam travefing from the second beam splitter 21 towanls the ohoto^letector 
assembly 28 as indicated by l£ is detected by the Phot<rtelBCtDr assembly TaTete^co^utlml 
^^r^'V^^ '"""^ '''^"^ 31 for the date^of 'ttTto^sinni^^^yr 

T^TZ- ""^'h ^ fo«'Sin9 and traddng em^s occur, the em,r deteX^, Sd« 

an output signal to a sen^o system (not shown) well known to those skilled In the art whichte dLtaZ !^ 
eliminate the focusing enor and/or the tracking em>r. On the other hand me "fl^e^^er b^!^ 
l^ssed throu^ me second beam splitter 21 and taveling towards 

h' 1" ^ phot>detector 26 as indtoe^y ^p^ 

T^l^Tl^ ^ f """If as B, travel towards me photo^etedor 27 Ll^'S 
LS. The intensity of each of the laser beams L8 and L9 Inddent upon me photCHletectors 26 avi 97 

S^:- "^"".T = "^="9 ^ ^ raLr^tr^''m^,ore 

mfomiation read out from the magnetooptical medium 6 can be pid<ed up by detecflnnX rimlm™ 

TyZ s^pp^ '"^"^ '"^''^ - ^ ~r trras':^';^ 

L6 is for^aT da^I^i^ "J-Qnatooptical head assembly, since one and the same reflected laser beam 
IB IS used for me detection of the focusing error and mat of the tracking error, a cross-talk lends to occur 
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between ttiese two detection systems, posing a problem in that one or both of the focusing and the tracking 
tends to become insecure. 

In order to eliminate the above discussed problem, the magneto-opticai head system wherein the 
reflected laser beam L6 is further divided Into two components for use in the detection of the focusing error 

5 and that of the tracking error has been proposed, such as shown in Fig. 2 and Rg. 3. 

According to the system shown in Fig. 2, a third beam splitter 23 is disposed on the path of travel of 
light from the second beam splitter 21 towards the photo-detector 29. This third beam splitter 23 is utilized 
to divide the laser beam Lj6 into two light components L10 and Lll; one component traveling towards and 
detected by a third photo-detector 29 and the other component traveling towards and detected by a fourth 

JO photo-detector 40. An output from the photo-detector 29 is supplied to a focusing error detector 34 whereas 
an output from the photo-detector 30 is supplied to a tracking enor detector 33. In this circuit construction, 
since the separate detectors 34 and 33 are used for the detection of the focusing error and the (racking 
en-or. respectively, no problem associated with the signal cross-talk occur. 

In the system shown in Ftg. 3. ajrangement has been made that the laser beam reflected from the 

IS magneto^ptical medium 6 is allowed to be In part deflected by the first beam splitter 4 so as to travel 
towards the polarizing beam splitter 22 and in part passed therethrough towards a fourth t»eam spTitter 24 
disposed on the path between the first beam splitter 4 and the beam shaping prism 3 so that the reflected 
laser beam entering the fourth Xteam splitter 24 can be deflected, as the laser beam Li 2. towards the third 
beam splitter 23. In this anrangement. while the laser beam LI deflected by the first b>eam splitter 4 is 

20 utilized for the information processing in a manner similar to that described with reference to Fig. 1, the 
laser beam LI 2 deflected by the fourth beam splitter 24 is divided Into the beam components L10 and L11 
by the third beam splitter 23 in a manner similar to that described with reference to Rg. 2 for the detection 
by the photcKletectors 29 and 30. respectively. Even in the system of Rg, 3, the separate detectors 34 and 
33 are used for the detection of the focusing error and the tracking error, respectively, no problem 

25 associated with the signal cross-talk occur. 

A further approach to eliminate the problem associated with the cross-talk is illustrated in Fig. 4. 
According to the system shown in Rg. 4, arrangement has been made that the reflected laser beam LI 
entering the polarizing beam splitter 22 is divided by such polarizing beam splitter 22 into the light 
components L8 and L9 which are respectively detected by the photo-detectors 30 and 29 which are 

30 connected with ttie tracking error detector 33 and the focusing enw detector 34. Respective outputs from 
the tracking and focusing error detectors 33 and 34 are supplied to a comparator 32 operable to provide an 
output signal indicative of the difference in intensity between the tigtit components L8 and L9 for reading 
infonnation recorded on the magneto-optical medium 6. 

In any one of the prior art magneto-optical head systems stiown in and descrit>ed with referer>ce to 

35 Rgs. 1 to 4. respectively, since the detection of the focusing condition and the tracking condition requires 
the use of a plurality of t>eam splitters 21 to 24 for dividing the reflected laser beam LI into a corresponding 
number of light components, not only does the magneto-optical head assembly tend to become txjiky. but 
also the use of the expensive optical elements makes the manufacture costly. 

In particular, in the system shown in and described with reference to Rg. 1. since one and the same 

40 beam is used for the detection of the focusing error and that of the tracking error, the problem associated 
with the cross-talk occurs. Although any one of the systems shown in Rgs. 2 and 3. respectively, is 
effective to efiminate this problem, the extra beem splitter is required in the system of any one of Rgs. 2 
and 3 as compared with the system shown In Rg. 1 . making the system as a wtK}le tmlky and expensive. 
On the other hand, in the system of Rg. 4, although the magneto-opticat head assembly can be made 

45 compact as compared with that shown In and descrik»ed with reference to any one of Rgs. 2 and 3, it has 
been experienced that, ance the intensity of the laser beam L8 which has been passed through the 
polarizing beam splitter 22 and the intensity of the laser beam L9 which has been deflected by the 
polarizing t>eam splitter 22 tend to vary in correspondence with ttie change in level of the signal recorded 
on the magneto-optical medium 6, the intensity of the beam used for the detection of the focusing error and 

50 that for the detection of the tracking error vary correspondingly to such an extent as to result in the unstable 
signal processing performed by the focusing and tracking en-or detectors 34 and 33. 

Apart from the at>ove. it Is well known that the diffraction grating having a grating pitch not greater than 
the wavelength of light exhibits a diffraction efficiency dependent on the polarization of the incident light, 
such as discussed by Mohara, et al.. Appl. Optics, Vol.23.No.18.p.3214, 15th September. 1984, A series of 

55 experiments conducted with the use of the diffraction grating wherein the grating pitch A is 0.5 micrometers 
have shown that, as shown in Rg. 5, when the wavelength X of the light incident upon such diffraction 
grating is 780 nm, S polarized light and P polarized light have given respective diffraction efficiendas which 
are considerably different from each other. 
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In view of the foregoing, the substitution of the diffraction grating for the polarizing beam splitter 22 
employed in the system of Fig. 1 for separating the reflected laser beam LI deflected from the first beam 
splitter 4 would eliminate the use of ttie expensive optical element. However, the mere replacement of the 
polarizing beam splitter with the diffraction grating tends to increase the bulkiness of the magneto-optical 

5 head assembly as a whole with no number of necessary component parts minimized. 

The above discussed problem may be found in other applications that the magneto-optical head 
assembly. In other words, considering a problem inherent the polarizing optical element itself operable to 
reflect a portion of the laser light and to transmit therethrough the remaining portion of the same laser light, 
only one reflected light and only one transmitted light are available therefrom and. therefore, the system will 

JO require the use of an increased number of polarizing optical elements if a large amount of information is 
desired to be handled. On the other hand, considering a problem Inherent in the polarization analyzing 
device in which the differential detector is provided for detecting the difference in intensity between light 
components separated by the polarizing optical element, the system will require thte use of an increased 
number of polarizing optical elements If a large amount of information Is desired to be handled. 

J5 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been devised with a view to substantially eliminating the at>ove 
20 discussed problems inherent in the prior art systems and has for its object to provide an improved 
polarizing optical element effective to handle an increased amount of information. 

Another important object of the present invention is to provide an improved polarization analyzing 
device inexpensive to make and utilizing the polarizing optical element of the type referred to above. 

A further important object of the present invention is to provide an improved magneto-optical head 
25 assembly which employs a minimized number of component parts and is compact in size. 

According to one aspect of the present invention, there is provided a polarizing optical element which 
comprises a first substrate having a first surface formed with first and second gratings so as to cross 
relative to each other at a predetermined crossing angle, each of said first and second gratings having a 
grating pitch equal to or smaller than the wavelength of a laser beam which may be incident upon the 
30 polarizing optical element. 

Preferably, the |X)larizing optical element may have a generally plate-like semi transparent reflective 
layer. 

Preferably, the polarizing optical element may have a semitransparent reflective layer overlaying the 
first and second gratings and a second substrate having a smooth surface and an indented surface opposite 

35 to each other, said second substrate being laminated over the first and second gratings with the irKlented 
surface held in contact therewith. In this case, the indented surface of the second substrate should be in 
complemental relationship in stiape to the first and second gratings so that, when the semitransparent 
reflective layer is overiaid over the first and second gratings, no interstices or voids will be formed between 
the first and second gratings and the indented surface of the second substrate. 

ao Again preferably, the polarizing optical element may further comprise a light reflective layer. This light 
reflective layer is formed over the first and second gratings. 

According to arrather aspect of the present Invention, there is provided a polarization analyzing device 
which comprises the polarizing optical element, a first enror detector responsive to the transmitted laser 
beam from the polarizing optical element for detecting one of focusing and tracking conditions, a second 

45 error detector responsive to the reflected laser beam from the polarizing optical element for detecting the 
other of the focusing and tracking conditions; and a differential detector operable to detect the difference 
between the two transmitted and diffracted laser beams thereby to read the information from the magneto- 
optical recording medium. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

In any event, the present invention will become more cleariy urKierstood from the following description 
of preferred embodiments thereof, when taken in conjunction with the accompanying drawings. However, 
55 the embodiments and the drawings are given only for the purpose of illustration and explanation, and are 
not to be taken as limiting the scope of the present invention in any way whatsoever, which scope is to be 
determined solely by the appended claims. In the drawings, like reference numerals denote like part In the 
several views, and: 
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Figs. 1 to 4 are schematic diagrams showing the prior art magneto-optical head systems: 
Rg. 5 is a graph showing characteristic curves illustrating respective diffraction efficiencies of the S 
polairized light and the P polarized light; 

Fig. 6 is an exaggerated perspective view of a polarizing optical element according to a first preferred 
5 embodiment of the present invention; 

Rg. 7 is a cross-sectionaJ view taken along the line Vll-Vll shown in Rg. 6; 
Rg. 8 is a cross-sectional view taken along the line Vlll-VIII shown in Rg. 6; 

Rg. 9 is a schematic diagram showing a magneto-optical head system utilizing tine polarizing optical 
element shown in Rg, 6: 

10 Rg. 10 Is a schematic perspective view showing the angles of orientation of the polarizing optical 

element according to the first preferred embodiment of the present invention; 

.... Rg. 11 is a table showing results of experiments conducted to measure respective intensities of 
'diffracted laser beams relative to the angle of the polarizing plane of the incoming laser beam: 

Rg. 12 is a graph showing characteristic cuwes illusti-ating change in respective intensities of tine 
ts diffracted laser beams when the projection angle 2a is selected to be 90" in the system of Rg. 9; 

Rg 13 is a graph similar to Rg. 12, showing characteristic curves illustrating change In the respective 
intensities of the diffracted laser beams when the projection angle 2a is selected to be 67" ; 

Rg. 14 is a schematic perspective view showing the relationship between the angle A of orientation 
of the polarizing optical element according to ttie first preferred embodiment of the present invention and 
20 the crossing angle T between two gratings formed therein; 

Rgs. 15(a) to 15(c) are schematic diagrams, respectively, illustirating the sequence of manufacture of 
the polarizing optical element according to the first preferred embodiment of the present invention; 

Rg. 16 is a schematic perspective view showing a modification of the polarizing optical element 
wherein the first and second gratings are curved; 
2S Rg. 17 is a hematic pa^pective view showing another modification of the polarizing optical 

element wherein each of the first and second gratings has a progressively varying grating pitch; 

Rg. 18 is a schematic diagram showing a modification of the magneto-optical head system utilizing 
the polarizing optical element shown in Rg. 6; 

Rg. 19 is a schematic diagram showing the magneto-optical head system utilizing the polarizing 
30 optical element according to a second preferred embodiment of tiie present invention; 

Rg. 20 is an exaggerated side sectional view of tfie polarizing optical element according to the 
second preferred embodiment of the present invention; 

Rg. 21 is a schematic diagram showing the relationship between the incident laser beam and the exit 
laser t>eams applicable where the polarizing optical element according to the second preferred embodiment 
35 of the present invention is used as a transmitted four-division element 

Rg. 22 Is a schematic diagram showing the magneto-optical head system utilizing the polarizing 
element according to the second preferred embodiment of the present invention; 

Rg. 23 is a schematic perspective view showing the angles of orientation of the polarizing optical 
element according to tiie second (Kef erred embodiment of the present invention: 
4o Rg. 24 is a graph showing characteristic curves illustrating chartge in respective intensities of the 

diffracted laser beams relative to ttie rotation of the polarizing plane in ttie second preferred embodiment of 
the present invention; 

Rg. 25 is a schematic diagram showing a different arrangement of various photo-detectors relative to 
the polarizing optical element according to tiie second preferred embodiment of ttie present invention; 
45 Rgs. 26 and 27 are schematic side sectional views showing respective modifications of the polarizing 

optical element according to ttie second preferred embodiment of tiie present invention: 

Rg. 28 is a schematic side view of the modified polarizing optical element which provides Uie basis 
for the polarizing optical element according to the second preferred emtxxliment of the present invention; 

Rg. 29 is an exaggerated side sectional view of the polarizing optical element according to a ttiird v 
50 preferred embodiment of ttie present invention; 

Rg. 30 is a schematic diagram showing the magneto-optical head system employing the polarizing 
optical element according to ttie third preferred emtxxliment of the present invention; 

Rg. 31 is a schematic perspective view showing ttie angles of orientation of the polarizing optical 
element according to ttie third preferred embodiment of the present invention; 
55 Rg. 32 is a graph showing characteristic curves illusb^ating cfiango in respective intensities of tiie 

diffracted laser beams in ttie ttiird preferred embodiment of the present Invention; 

Rgs. 33 and 34 are schematic side sectional views showing respective modifications of tiie polarizing 
optical element according to ttie ttiird preferred embodiment of the present invention; 

5 
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Rg. 35 is a schematic side sectional view of the polarizing optica! element according to a fourth 
preferred emlMdiment of the present invention; 

Rg. 36 is a schematic diagram showing the magneto-optical head system employing the polarizing 
optical element according to the fourth preferred embodiment of the present invention; 
5 Rg. 37 is a schematic perspective view showing the angles of orientation of the polarizing optical 

element according to the fourth prefen-ed embodiment of the present invention; 

Rgs. 38 and 39 are schematic side sectional views showing respective modifications of the polarizing 
optical element according to the fourth preferred emtradiment of the present invention: and 

Rg. 40 is a schematic diagram showing a different arrangement of the photo-detectors relative to the 
JO polarizing optica) element according to the fourth preferred embodiment of the present invention. 



DETAILED DESCRIPTION OF THE EMBODIMENTS 

J5 

Refemng first to Rgs. 6 and 7 illustrating a first preferred embodiment of the present invention, there is 
shown a transparent three-division element (polarizing optical element) 7. This three-division element 
comprises, as best shown in Rg. 7. a generally rectangular substrate 7a having one surface fonned with a 
multiple of minute projections 7b which are patterned to provide first and second cross gratings 7c and 7d. 

20 Each neighboring minute projections 7b are spaced a predetermined pitch, for example, 0.52 micrometer, 
which is smaller than the wavelength, for example. 830 nm. of a laser beam incident thereupon in 
respective directions shown by the arrows C and D. 

The first grating 7c has a predetermined grating height he as measured from grooves 7e shown by the 
phantom lines in Rg. 7 and is operable to emit diffracted light 12, On the other hand, the second grating 7d 

25 has a grating height hd as measured from grooves 7f and is operable to emit transmitted and diffracted light 
L3. It is to be noted that attliough in Rg. 8 a grating appears to exist in a direction shown by tfie line m - n. 
the cross-sectional representation of the three^ivision element 7 taken along the line m - n indicates, as 
sho'/vn in Rg. 8 which illustrates the cross-section of the three-division element 7 taken along the line VIH- 
VIII in Rg. 6. there is no grating height and. therefore, no grating exist. Where the grating heigfits he and hd 

30 shown in Rg. 8 are chosen to be equal to each other, the respective diffraction efficiencies of the first and 
second gratings 7c and 7d become equal to each other. 

A magneto-optical head assembly utilizing the three-division element 7 of the construction shown in and 
described with reference to Rgs. 6 and 7 is shown in Rg. 9. Referring to Rg. 9. the three-division element 7 
is disposed between the beam splitter 4 and the four-division photo^etector assembly 26 together with a 

35 sensor lens 8 positioned between the thre&<jivision element 7 and the photo-detector assembly 28. This 
three-division element 7 is so positioned at a predetermined angle of orientation, as will be descrityed with 
reference to Rg. 10. as to permit the first and second gratings 7c and 5d to face towards tiie sensor lens 8. 

Referring to Rg. 10, assuming that tfw direction of travel of the reflected laser beam LI from ttie beam 
splitter 4 towards the three-division element 7 is expressed by a Z-axis, then, X- and Y-axes which are 

40 perpendicular to each ottier lie in a plane perpendicular to ttie Z-axis. Reference character C represents a 
line of direction connecting the tops of each row of the projections 7b of the first grating 7c (Rg. 6) together 
and reference character D represents a line of direction connecting the tops of each row of the projections 
7b of the second grating 7d (Rg. 6) together. A symbol * represents a stereo angle between the Z-axis and 
each of ttie lines C and D of direction of the first and second gratings 7c and 7d. The inclination of the 

45 three-division element 7 relative to tiie Z-axis is so selected as to render the stereo angle ♦ tjetween the Z- 
axis and ttie line 0 to be equal to tfie stereo angle * between the Z-axis and the line D. Reference 
character T represents tiie angle tietween the lines C and D of direction of ttie first and second gratings 7c 
and 7d. that is, the angle of crossing between ttie first and second gratings 7c and 7d on the surface of the 
three-division element 7. The line m - n represents a center line of tiie tiiree-division element 7 vrtiich 

50 divides the crossing angle T into two equal parts on the surface of the tiiree-divislon element 7. A symbol A 
represents tiie angle formed between the Z-axis and ttie line m - n. The axis which is formed by projecting 
the center line m - n on ttie plane containing ttie X- and Y-axes coincides witii ttie X-axis whereas tiie Y-axis 
is perpendicular to ttie X-axis. Reference cfiaracters Kc and Kd represent K vectors defined on ttie surface 
of the substrate 7a in directions perpendicular to the lines C and D of direction of ttie first and second 

55 gratings 7c and 7d. respectively. Reference character Tk represents ttie K vector angle formed between 
tfiese K vectors Kc and Kd. Reference character 2a represents ttie angle of projection of ttie K vector angle 
Tk on ttie plane containing ttie X- and Y-axes. Reference characters K1 and K2 represents projected K 
vectors formed by projecting the K vectors Kc and Kd onto ttie plane containing ttie X- and Y-axes, 
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respectively. 

In the illustrated embodiment, the projection angle 2a is chosen to be 90* . In other words, the angle 2a 
of projection of the angle Tk, formed between the K vectors Kc and Kd perpendicular to the first and 
second gratings 7c and 7d on the three-division element 7. respectively, onto the plane containing the X- 

5 and Y-axes is chosen to be 90 ' . 

The angle e represents the angle formed between the X-axis and a polarizing plane P of the incident 
laser beam L1 and is, in the illustrated embodiment, chosen to fc>e 90 ' . Accordingly, the polarizing plane P 
lies on the Y-axis which is rotated 90 ' from the X-axis dividing the projection angle 2ot into two equal parts, 
and inclined 45* relative to each other of projected K vectors K1 and K2. 

70 Before the description of the operation of the three-division element 7 according to the first embodiment 
of the present invention proceeds, the operating characteristics thereof will first be discussed. 

Assuming that the angle d of the polarizing plane P of the incident laser beam Li is o' . the polarizing 
plane P forms an angle a relative to each of the projected K vectors K1 afKl K2 and. therefore, the incident 
laser beam Li is symmetrical with respect to the K vectors K1 and K2, rendering the intensities of the 

T5 transmitted and diffracted beams L2 and L3 to be equal to each other. When the angle 6 of the polarizing 
plane P is inaeased from o' towards 180* , the angle between the polarizing plane P and each of the K 
vectors K1 and K2 varies with concomitant change in intensity of the diffracted beams 12 and L3. The table 
shown in Rg. 1 1 illustrates an experimentally measured change in intensity of each of the transmitted and 
diffracted t)eams 12 and L3 with change in angle 6. 

20 During the experiment which ted to the result shown in the table of Rg. 11. the laser beam having the 
wavelength X of 830 nm was employed and the three-division element 7 used was of a type having 0.52 
micrometers in grating pitch A. 0.6 micrometer 'in both of the grating height he and hd.'35* in angle A, 
124* in crossing angle T and 90* in projection angle 2a. The angle 8 of the polarizing plane P was 
adjusted from 0* to 180* for the purpose of measurement of the transmitted and diffracted tjeams L2 and 

25 l_3. The results shown in the table of Bg. 1 1 is plotted in the graph of Fig. 12. 

According to the characteristic curves shown in the graph of l=ig. 12, it seems that the angles each 
formed between the polarizing plane P and the projected k vector K1 are equal to each other when the 
angle 6 of the polarizing plane P is 0 ' and 90 ' , respectively, and therefore, the respective intensities of the 
transmitted and diffracted beams L2 and L3 become equal to each other. However, the both have actually 

30 exhibited a slightly different value probably because of the difference in reflectance attributable to the 
substrate 7a and the influence brought about by the surface indentations (See Rg. 8) along the m - n line. 
The operation will now be described. 

Referring back to Rg. 9, the laser beam L emitted from the diode laser 1 is, after having passed 
through the collimator lens 2, the beam splitter 4 and the objective lens 5. projected onto the magneto- 

35 optical recording medium 6 and is then reflected towards the beam splitter 4. The reflected laser tjeam L 
entering the beam splitter 4 is deflected towards the three-dMsion element 7 as indicated by j.1 whereat 
the laser beam Li is divided into three beams, namely, two transmitted and diffracted beams L2 and L3 and 
a transmitted beam L4. Where a portion of the magneto-optical disc 6 at which the incoming laser beam L 
has been reflected towards the t>eam splitter 4 is not magnetized, the reflected laser beam LI enters the 

40 three-division element 7 with its polarizing plane P held at the angle 9 of 90* relative to the X-axis. In such 
case, since the respective angles between the projected k vectors K1 and K2 of the associated gratings 7c 
and 7d and the polarizing plane P of the laser t>eam LI incident upon the three-division element 7 are [90 ' 
• a (45* )1. the respective intensities of the transmitted and diffracted t>eams L2 and L3 are equal to each 
other as shown in Rg. 1 2. 

45 On the other hand, where ^at portion of the magr^to-optical disc 6 at which ttie incoming laser beam L 
has been reflected is magnetized, the polarizing plane P of the reflected laser team is rotated a slight angle 
A 0 by Kerr effect and the reflected laser t>eam Ll enters the three-division element 7 with the angle 
between the polarizing plane P of the incident laser beam Li and one of the projected k vectors K1 and K2 
increasing and with the angle between the polarizing plane P of the incident laser beam LI and the other of 

50 the projected k vectors K1 and K2 decreasing. In such case, since the respective angles between the 
polarizing plane P and the projected K vectors K1 and K2 of the gratings 7c and 7d are different from each 
other, a difference A L (See Rg. 12.) occur between the respective intensities of the diffracted t>eams L2 
and L3. Accordingly. If the difference tietween tfie respective outputs from the photo-detectors 26 and 27 
with the use of the differential detector 32, information recorded on the magnetOKJptical recording medium 6 

55 can be read out 

The transmitted t>eam L4 referred to alx)ve and having passed through the three-division element 7 is 
converged by the sensor lens 8 onto the four-division photo^detector assembly 28 so that the tracking and 
focusing conditions can t>e detected by the tracking and focusing detector 31 in a manner well known to 
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those skilled in the art. 

According to the illustrated embodiment, since the single three-division element 7 is effective to divide 
the incident tjeams LI into three beam components, the three-division element 7 plays a role which has 
hitherto been performed by the two beam splitters in the prior art. Therefore, the polarizing optical element 
5 according to the present invention is effective to provide a great deal of information at less expenses and. 
moreover, ttie use of the three-cfivision element 7 contributes to the reduction in size and cost of the 
polarization analyzing device comprising the three-division element 7, the photo-detectors 26 and 27 and 
the differentiaJ detector 32 and also the magneto-optical head system utilizing this polarization analyzing 
device. 

TO It is to be noted that, in the illustrated embodiment, the projection angle 2o shown in fig. 10 has been 
described as set to 90*. it may be chosen to any value within tfie range of O' to 180*. However, the 
projection angle 2a reflects a phase of each of the transmitted and diffracted beams L2 and L3 as shown in 
Fig. 12. Therefore, when the praiection angle 2a is chosen to be 90'. the respective intensities of the 
transmitted and diffracted beams L2 and U vary in opposite directions with respect to eacfi other within ttie 

15 range of 0* to 180' of the angle 0 of the polarizing plane P and, therefore, regardless of what value the 
angle B of the polarizing plane P may take as shown in f=ig. 10. the rotation of the polarizing plane P can be 
detected. 

By way of example, where the projection angle 2 a is chosen to 67* , the transmitted and diffracted 
beams L2 and L3 exhibit such respective characteristics as shown in Rg. 13. and, at hatched areas S In the 

20 graph of Rg. 13. no change occur in the difference A L in intensity between the transmitted and diffracted 
beams L2 and L3, and the intensity difference A L become smaller ttian tiiat given when the projection 
angle 2a is chosen to 90* as sfwwn in Fig. 12. Because of this, it is preferred that the projection angle 2a 
be within the range of 70" to 110' and. more preferably, within the range of 84* to 96' . 

Where the projection angle 2a is chosen to be witiiin the range of 84* to 96* and the respective 

25 grating heights he and hd of tfie gratings 7c and 7d are chosen to be equal to each other, that is. where the 
respective diffraction effidendes of tiie gratings 7c and 7d are chosen to be equal to each other, the 
intensity of the transmitted and diffracted beam 1.2 increases (or decreases) accompanied by a correspond- 
ing decrease {or increase) by an equal amount of the transmitted and diffracted beam L3 as shown in Rg. 
12, resulting in a minimized change in transmitted beam L4. Accordingly, If arrangement is made that the 

30 intensity of the incident beam LI itself can be changed according to certain information, infomiation can be 
read out from tiie change in intensity of the transmitted beam L4. 

On the other hand, where the projection angle 2 a is chosen to be within tiie range of 10* to 20* . the 
^wo gratings 7c .and 7d will become generally parallel to each other wrtii the consequence that the change 
in difference A L of the respective intensities between the transmitted and diffracted beams L2 and L3 will 

35 become small, tiowever. the directions in which the diffracted beams L2 and L3 are emitted, respectively, 
appHDach to each other. In other words, the angle fonmed t>etween ttie transmitted and diffracted Ijeams L2 
and L3 will t»ecome smaller. Accordingly, the polarization analyzing device and the magneto-optical head 
system can be manufactured compact 

As can be understood from Fig. 12 and the table of Rg. 11, tfie difference A L between the respective 

40 intensities of ttie transmitted and cfiffracted beams L2 and L3 varies considerably when ttie polarizing plane 
P of the inddent beam LI assumes an angle e of about O', 90* or ISO*. This phenomenon also occurs 
even when the projection angle 2a is 67' or in other cases. Accordingly, flie position of ttie polarizing plane 
P of ttne incident beam LI is preferred to be inclined at an angle of ± s' relative to ttie X-axis or Y-axis. In 
other -wrds. it is prefenBd ttiat the position of ttie polarizing plane P Des at an angle of inclination wittiin ttie 

^5 range of +5 ' to -5" relative to ttie X-axis which divides ttie projection angle 2a Into two equal parts or the 
Y-axis rotated 90 ' relative to the X-axis. In particular, where ttie angle tf is so selected ttiat ttie intensity 
difference A L can take a value of different sign (positive or negative) corresponding to the increase and 
decrease of ttie angle B , for example, when ttie angle e = 86' orfi + Afl = 94*. ttie rotation of the 
polarizing plane P of ttie inddent beam LI can be detected merely by detecting ttie sign of the Intensity 

50 difference A L 

In ttie foregoing embodiment alttiough the angle * fonned between ttie first grating 7c (C line) and ttie 
2-axis has been shown as being equal to ttie angle formed between ttie second grating 7d (D line) and the 
Z-axis. ttie botti may differ from each ottier. 

A mettiod of making ttie ttiree-division element 7 of ttie construction shown in and described witti 
55 reference to Rg. 6 will now be descnt>ed. 

In ttie first place, ttie grating pitch A, tiie grating height hd (or he) and the crossing angle T of the ttiree- 
division element 7 have to be determined. The crossing angle T is detenmined by ttie angles A and * of 
arrangement used in ttie magneto-optical head assembly utilizing ttie ttiree-division element 7 and by ttie 
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projection angle 2a. Accordingly, the relationship between these angles A, * and 2a and the crossing angle 
T has to be determined. 
Referring to Fig. 1 4. 

laLn_A_= 0^ / 51 ^ ^osa CD 

tan y:- 0^ / CTn 08 



and 

cos .a X cos A = X -P— = -S"= COS rp 

Rn mn Rn ^ 

wherein ^ = 90* - T/2. 
Therefore. 

sin T/2 X cos A = cos * (2) 

The crossing angle T can be calculated from the equations (1) and (2) above. 

Then, as shown in Hg. 1 5<a). after a photo-resist of 2.0 micrometers in thickness has been formed by 
the use of a spin coating technique on a surface of the substrate 7a made of BK-7 glass, the substrate 7a 
having the photoresist is pre-baked to complete a photo-resist layer 7g. Subsequently, as shown in Rg. 15- 
(b). argon laser beams are radiated from two directions onto the photo-resist layer 7g at a predetermined 
angle Cx of incidence to effect a first interference exposure. After the first interference exposure, and after 
the substrate 7a having the photoresist layer 7g has been rotated an angle equaJ to the crossing angle T 
(shown in Rg. 6), a second interference exposure is effected in a manner similar to the first interference 
exposure as shown in Rg. 15(c). Thereafter, the substrate 7a with the photcKesist layer 7g thereon is 
developed in a developing solution and then flushed with pure water to complete the three^ivision element 
7 as shown in Rg, 6. 

In the foregoing example of the method of making the three-division element 7, the interference • 
exposures have been utilized along with the use of the photo-resist layer, a light sensitive polymer 
compound such as a photo polymer may be employed for the photo-resist layer and. as an exposure 
method, an electron scribing technique with the use of an electron beam or a direct scribing technique with 
the use of a laser beam may be employed for scribing each grating line. 

The three-division element 7 manufactured in the manner as hereinabove described may be employed 
as a matrix for the manufacture of a nickel stamper by ttie use of an electroforming technique so that the 
nickel stamper can tie used for the mass-production of the replicas of the three-division element 7 by the 
use of any suitable duplicating method such as, for example, an injection molding method, a compression 
molding method or a photo polymer method (2P method). 

In the practice of the interference exposure technique, although the grating pitch A. shown in Rg. 6 is 
detennined by the angle Cx, ttie grating pitch A of the first grating 7c and the gratirtg pitch \ of the second 
grating 7d may tw different from each other and, in such case, it can be accomplished if the different 
angles Cx shown In Rg. 15(b) and Rg. 15(c) are employed. Also, the first and second gratings 7c and 7d 
may be of a curved configuration as shown in Rg. 16 and. alternatively, the first and second gratings 7c 
and 7d may be of a configuration wherein ttie grating pitch K of each of the first and second gratings 7c 
and 7d varies progressively as shown in Rg. 17. Yet although not shown in the accompanying drawings, 
the first and second gratings 7c and 7d may be of a configuration wherein each of the ftrst and second 
gratings 7c and 7d is curved and has a progressively varying grating pitch A. 

A second preferred embodiment of the magneto-optical head system utilizing the transparent three- 
division element 7 is shown in Rg. 18. Referring now to Fig. 18, reference numeral 9 represents a plate-like 
half mirror disposed between ttie objective lens 5 and the transparent three-division element 7. In the 
emtjodiment of Rg, 1 8. the laser beam L emitted h-om the semiconductor laser source 1 is reflected by \he 
half mirror 9 so as to travel towards the magneto-optical recording medium 6 ttirough the objective lens 5. • 
The laser beam L projected into the magneto^tical recording medium 6 is sut>sequentiy reflected by the 
surface of the magneto-optical recording medium 6 so as to travel towards the half mirror 9 through the 
objective lens 5. The reflected laser beam entering the half mirror 9 passes theretfirough and is then 
incident upon the ttiroe-division element 7. The reflected laser beam Li entering the ttire&-dlvision element 
7 is in part diffracted and in part transmitted in a manner as hereinbefore described with reference to the 
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foregoing embodiment, particularly with reference to Fig. 7. thereby providing the transmitted and diffracted 
laser beams L2 and L3 and transmitted laser beam L4. As shown in l=ig. 18, the transmitted and diffracted 
laser beams L2 and L3 are used for the reading of the information picked up from the magneto-opticaf 
recording medium 6. respectively, whereas the transmitted laser beam L4 is used for the detection of the 
tracking and focusing en-ors. Since the reflected laser beam incident upon the half mirror 9 is a converged 
light flux, a coma aberration would occur. However, this coma aberration can be advantageously com- 
pensated for by the three-division element 7. 

Rg. 19 illustrates the magneto-optical head system utilizing the three-division element 7 of a type 
integrated together with the semitransparent reflective layer (half mirror) 9 shown in and described with 
reference to Rg. 18. The assembly shown in Rg. 19 can be obtained by forming a semitransparent 
reflective layer 10 on a surface of the substrate 7a opposite to the surface thereof on which the first and 
second gratings 7c and 7d are formed. Even the embodiment shown in Rg. 19 can function in a manner 
similar to that shown in and described with reference to Rg. 18. 

According to the embodiment shown in Rg. 19. the number of necessary component parts can be 
minimized as compared with the system shown in Rg. 18 and. therefore, the magneto-optical head system 
can be made compact. 

It is to be noted that the other components of the system shown in each of Rgs. 18 and 19 which are 
not described in the description of the associated embodiment are identical with those shown in Rg. 9 and 
the details thereof are not reiterated for the sake of brevity. 

It is to be noted that, in any one of the embodiments shown in Rgs. 9 and 1 8. the reflected laser beam 
Li . that is. the laser beam reflected from the magneto-optical recording medium 6. has been described as 
incident upon the three-division element 7 from the surface of the substrate 7a opposite to the gratings 7c 
and 7d. However, the reflected laser beam LI may be incident upon the three-division element 7 from the 
surface where the gratings 7c and 7d are formed. 

The construction wherein the three-division element 7 is integrated together with the half min-or 10 as 
shown in Rg. 20 can be used as a transparent four-division element 11 (polarizing optical element), as 
shown in Rg. 21. for dividing the inddent laser beam LI into the two transmitted and diffracted beams L2 
and L3, the single transmitted beam L4 and a single reflected beam L5. Rg, 22 illustrates the magneto- 
optical head system wherein the four-division element 1 1 shown in Rg. 21 is employed. 

In the embodiment shown in Rgs. 21 and 22. each of the first and second gratings 7c and 7d are so 
designed and so constructed as to have the grating pitch K of 0.52 micrometer and the grating height he or 
hd of 0.52 micrometer with the crossing angle T chosen to be 124*. The transparent four-division element 
1 1 is so positioned as shown in Rg. 23 that the angle A formed between the center line (m - n line) of these 
two gratings 7c and 7d and the Z-axis can be 35* . Accordingly, where the direction of polarization of the 
inddent laser beam LI is parallel to the X-axis or parallel to the Y-axis, the respective intensities of the 
transmitted and diffracted t>ean>s 12 and L3 are equal to each other and. at the same time, since tiie 
transmitted beam L4 and tiie reflected t>eam L5 are produced, tiie inddent beam LI can be divided into 
four beam components. More specifically, 20% of tiie Inddent laser beam LI is reflected by the 
semitransparent reflective layer 10 to provide the reflected beam L5: 30% of the beam component whose 
electric field vector is mainly diffracted by the grating 7d in a direction +45' (9 = 45* ) from ttie X-axis is 
diffracted as the transmitted and diffracted beam L2; 30% of the beam componerrt whose electric field 
vector is mainly diffracted by ttie grating 7c in a direction -45* (-fl = 45* ) from the X-axis is diffracted as 
tiie transmitted and diffracted beam L3; and tiie remaining 20% are transmitted through the element 7 as 
the transmitted beam L4. In other words, the incident laser beam LI inddent upon the four-division element 
7 is divided into the four beam components with the reflected laser t>eam L5, each of the transmitted and 
diffracted laser beams L2 and L3 and the transmitted laser b>eam L4 occupying 20%. 30% and 20%, 
respectively, of the inddent laser beam Li . 

The embodiment of Figs. 21 and 22 operates in tiie following manner. 

Where a portion of the magneto-optical disc 6 at which tiie incoming laser beam L has been reflected 
towards the beam splitter 4 is not magnetized, tiie reflected laser beam LI enters the four-division element 
1 1 with its polarizing plane P held parallel to ttie X-axis (or the Y-axis) as shown by ttie solid line in Rg. 23. 
In such case, since ttve directions of polarization of ttie first and second gratings 7c and 7d are identical 
with each ottier. no difference occur between respective outputs from ttie photo-detectors 26 and 27 in Rg. 
22. On the ottier hand, where ttiat portion of ttie magneto optical disc 6 at which ttie incoming laser beam L 
has been reflected is magnetized, the polarizing plane P of ttie reflected laser t>eam is rotated a slight angle 
A 9 by Kerr effect as shown by the broken line in Rg. 23 and the reflected laser beam Li enters the four- 
division element 11 witti ttie polarizing plane P of the incident laser fc^eam L1 Inclined at an angle A 9 
relative to ttie X-axis (or the Y-axis) without the intensity of the reflected beam L5 varying. Also, the 
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directions of polarization with respect to the first and second gratings 7c and 7d are different from each 
other, the intensity of the transmitted and diffracted beam L3 increases and the intensity of the transmitted 
and diffracted beam L2 decreases. Accordingly, the respective outputs from the photo-detectors 26 and 27 
in Fig. 22 vary in respective directions opposite to each other as shown In Rg. 24. Therefore, by detecting 
5 the difference between the respective outputs from the photo-detectors 26 and 27 in Rg. 22 with the use of 
the differential detector 32. the information picked up from the magneto-optical recording medium 6 can be 
read out. 

Also, the tracking condition can be detected from the transmitted laser beam L4 by the photo-detector 
30 and the tracking error detector 33 while the focusing condition can be detected from the reflected laser 

w beam L5 by the photo-detector 29 and the focusing error detector 34. It is to be noted tiiat the transmitted 
laser beam L4 and the reflected laser beam L5 may be used for the detection of the focusing error and the 
tracking error, respectively, it is also to be noted that each of the respective intensities of the transmitted 
laser t>eam L4 and the reflected beam L5 for use in detecting the fusing and tracking conditions remains 
constant regardless of the change occurring in the intensity of each of the transmitted and diffracted laser 

;5 beams L2 and L3, a signal processing performed by the photo^jetectors 33 and 34 can t>e advantageously 
stabilized. 

Where the four-division element 1 1 having the semitransparent reflective layer of reflectivity equal to or 
smaller than 50%, that is, the semitransparent reflective layer capable of reflecting 50% or a smaller 
amount of the incident t^am. during the operation is utilized, any possible cross-talk t)etween the focusing 

20 and tracking signals can t>e substantially eliminated in a manner similar to that in any one of the foregoing 
embodiments and the magneto-optical head system can be made compact 

The transparent four-division element 1 1 of the foregoing operating characteristic can be obtained by 
the use of a method substantially similar to that used for the manufacture of the polarizing optical element 
shown in and described with reference to Rg. 7. More specifically, the transparent four-division element 1 1 

25 can t>e manufactured by forming, on the opposite surface of the transparent three-division element 7 shown 
in Rg. 7. a thin metal film of Ag or Pt or a multi-layered film of dielectric material with the use of any known 
coating metiiod. Accordingly, this transparent four-division element 1 1 can be easier to make than the beam 
splitter and Is therefore inexpensive. 

Other than the consfruction shown in Rg. 20. the transparent four-division element 11 may take a 

30 construction shown in any one of Rgs. 26, 27 and 28. In the construction shown in Rg. 26, the transparent 
four-division element 1 1 comprises the substrate 7a having one surface coated with the semitransparent 
reflective layer 10 on which the first and second gratings 7c and 7d each having a grating pitch equal to or 
strorter than the wavelength of the laser beam are fonned in crossed fashion, said substrate 7a having the 
opposite surface coated with a non-reflective layer 12. In the construction shown in Rg. 27, the transparent 

35 four-division element 1 1 comprises the substrate 7a having one surface formed with the first and second 
gratings 7c and 7d in crossed fashion each having a grating pitch equal to or shorter than the wavelength of 
the laser beam, said substrate 7a having the opposite surface IDA made reflective so that the laser team 
reflected from the reflective surface 10A can be used as the second reflected laser beam 15. The substrate 
7a and the gratings 7c and 7d in the element 7 or 1 1 shown in any one of Rgs. 20, 26 and 27 can be in the 

40 form of the sut)strate 7a having one surface formed witfi the first and second gratings 7c and 7d as shown 
in Rg. 28. 

The present invention also pertains to the provision of a reflective three-division elennent (polarizing 
optical element), one example of which is shown in Rg. 29 in schematic side sectional representation. The 
reflective three-division element generally identified by 14 is simitar to the transparent three-division 

45 element 7 of the construction shown in and described with reference to Rg. 6 wherein one surface of tiie 
substrate 7a Is formed with ttie first and second gratings 7c and 7d in 120* crossed fashion (T = 120' ) 
each of said first and second gratings 7c and 7d having 0.5 micrometer in grating pitch A and 0.1 
micrometer in grating height he or hd, except that a reflective layer 13 of 100 angstroms in tiiickness is 
formed over the first and second gratings 7c and 7d as shown in Rg. 29. 

50 Rg. 30 illustrates the magneto-optical head system utilizing tire reflective three-division element 14 
shown in Rg. 29. As shown therein, the reflective three-division element 14 is disposed on one side of the 
beam splitter 4 opposite to the objective lens 5 with the first and second gratings 7c and 7d facing towards 
ttie l3eam splitter 4 and is so positioned that the angle A fonned between the center line {m - n line) of the 
first and second gratings 7c and 7d and the Z-axis can tie 35' as shown in Rg. 31. Accordingly, where the 

55 polarizing plane P of tiie inddent laser beam LI is parallel to the X-axis or Y-axis, the respective intensities 
of tile reflected and diffracted laser beams LI 2 and LI 3 are equal to each other and, at the same time, tiie 
reflective three-division element 14 Is effective to produce a reflected laser beam LI 5. Thus, tiie reflective 
three-division element 14 can divide the incident laser beam LI into the two reflected and diffracted b»eams 
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Lt2 and L13 and the reflected laser beam LIS. More specifically, 35% of the beam component whose 
electric field vector is mainly diffracted by the grating 7c in a direction -45* (fl = -45*) from the X-axis is 
diffracted as the reflected and diffracted beam Li 2: 35% of the beam component whose electric field vector 
is mainly diffracted by the grating 7d In a direction 45 ' (9 = 45 * ) from the X-axis is diffracted as the 

5 reflected and diffracted beam L13; and the remaining 30% are reflected by the element 14 as the reflected 
beam LIS. In other words, the incident laser beam Li incident upon the reflective three-division element 1 4 
is divided into the three beam components with each of the reflected and diffracted laser t^eams LI 2 and 
L13 and the reflected laser beam LIS occupying 35% and 30%, respectively, of the incident laser beam LI. 
The operation of the embodiment shown in and described with reference to Rgs. 29 to 31 will now be 

:o described. 

Where a portion of the magneto-optical recording medium 6 at which the incoming laser beam L has 
been reflected towards the beam splitter 4 is not magnetized, the reflected laser beam LI enters the 
reflective three-division element 14 with its polarizing plane P held parallel to the X-axis (or Y-axis) as 
shown by the solid line in Fig. 31 . In such case, since the respective directions of polarization with respect 

'5 to the first and second gratings 7c and 7d are identical with each other, no difference occur t>etween the 
respective outputs from the photo-detectors 26 and 27 in Rg. 30. On the other hand, where that portion of 
the magneto-optical recording medium 6 at which the incoming laser beam L has been reflected is 
magnetized, the polarizing plane P of ttie reflected laser beam is rotated a slight angle A fl by Ken- effect as 
shown by the broken line in Rg. 31 and the reflected laser beam L1 enters the reflective three- division 

20 element 14 with the direction of polarization of the reflected laser beam LI Inclined an angle A 6 relative to 
the X-axis (or Y-axis). In such case, since the respective directions of polarization with respect to the first 
and second gratings 7c and 7d differ from each other, the intensity of the reflected and diffracted laser 
beam LI 3 increases while the intensity of the reflected and diffracted laser beam L12 decreases. 
Accordingly, the respective outputs from the photo-detectors 26 and 27 vary in respective directions 

25 opposite to each other as shown in Rg. 32. Therefore, by detecting the difference between the respective 
outputs from the photo-detectors 26 and 27 of Rg. 30 with the use of the differential detector 32. ti^e 
information picked up from the magneto-optical recording medium 6 can be read out. 

On the other hand, the reflected laser beam LIS is detected by the four-division photo-detector 
assembly 28 so that the tracking and focusing conditions can be subsequently detected by the tracking and 

30 focusing error detector 31 . 

As hereinabove described, according to the emtx}diment shown in and descrit>ed v/ith reference to Rgs. 
29 to 31. the reflective three-division element 14 serves the function of the conventionally used two beam 
splitters, thereby contijbuting to the minimization of the number of the required component parts. Also, 
since the reflective three-division element 14 may have the grating heights {0.1 micrometer) smaller tiian 

35 those fO.6 micrometer) used in the transparent three-division element 7 shown in and described with 
reference to Rg. 6. the manufacture of the reflective three-division element 14 is relatively easy. 

The reflective three-division element 1 4 of the foregoing operating characteristic can be manufactured 
In a manner similar to the manufacture of ttie transparent three-division element 7 shown in and described 
with reference to Rg. 7. except for an additional manufacturing step required to fomi the reflective layer 1 3 

40 made of a metallic layer of aluminum or silver, or a multi-coated dielectric film made of. for example. SiOz 
or Ti02, or a mixture thereof. 

Other tiian the construction shown in Rg. 29, the reflective three-division element 14 may take such a 
constniction as shown in any one of Rgs. 33 and 34. In particular, in the construction shown in Rg. 33. the 
reflective three-division element 14 comprises the substrate 7a on which the diffraction gratings 7c and 7d 

45 are directly formed and subsequently covered by the reflective film 13. Depending on ttie requirements for 
the magneto-optical head system to meet, the reflective three-division element 14 may be made into a 
generally prism-like shape having an apex angle indicated by B A. other than the plate-like shape, such as 
shown in Rg. 34. 

Rg. 35 illustrates a reflective four-division element 16 (polarizing optical element) in schematic side 
50 sectional representation. The reflective four-division element 16 comprises a first substrate 7a having first 
and second gratings 7c and 7d formed on one surface of the first substrate 7a so as to cross relative to 
each other at a crossing angle T of 120* , each of said first and second gratings 7c and 7d made of the 
material having a first prectetermined refractive index N1 and having a grating pitch A of 0.5 micrometer and 
grating heights of 0.5 micrometer, and a semltransparent reflective layer 10 overiaying ttie first and second 
55 gratings 7c and 7d and having a light transmissivity of 20%. The light transmissivity of ttie semltransparent 
reflective layer 10 may preferably be wltiiin the range of 1 to 50%. 

The reflective four-dtvision element 16 in the embodiment shown in Rg. 35 also comprises a second 
substrate 15 of a second predetermined refractive index N2 having a smooth surface 15a and overlaying 
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the semitransparent reflective layer 1 0 on the first substrate 7a with an indented surface 1 5b of the second 
substrate 15 held in contact with the semitransparent reflective layer 10, thereby forming no void or 
interstices between the second substrate 15 and the layer 10. and capable of passing 20% of the reflected 
laser beam LI and reflecting the remaining portion of the reflected laser beam LI. The first and second 
5 gratings 7c and 7d and the second substrate 15 are so chosen that the first and second predetermined 
refractive indexes N1 and N2 are preferably equal to each other, namely, the gratings 7c and 7d arwl the 
second substrate 15 are made of the same material, or the refractive indexes N1 and N2 may give a 
difference of 0.03 or smaller therebetween whereby rays of light passing through the polarizing optical 
element 16, that is, the reflective four-division element, will not be diffracted by the gratings 7c and 7d. 

ro The magneto-optical head system utilizing the reflective four-division element 16 of the above de- 
scribed constaiction is illustrated in Fig. 36. As shown therein, the reflective four-division element 16 is 
disposed between the beam splitter 4 and the photo-detector assembly 30 with the smooth surface 15a 
thereof facing towards the beam splitter 4. 

The angle of orientation of the reflective four-division element 14 is shown in Rg. 37. As shown therein. 

75 the angle A formed between the center line (m -n) line, dividing the crossing angle T between the first and 
second gratings 7c and 7d into two equal parts, and the Z-axis is selected to be 35* . Accordingly, where 
the polarizing plane P of the incident laser beam Li is parallel to the X-axis or Y-axis, the respective 
intensities of the reflected and diffracted laser treams LI 2 and"L13 are equal to each other and, at the same 
time, the reflective four-division element 16 produces the reflected laser beam L15 and the transmitted laser 

20 beam LI 4. In this way. the reflective four-division element 16 according to the embodiment shown in Rgs. 
35 is effective to divide the laser beam LI incident thereupon into the four beam components including the 
reflected and diffracted laser beams LI 2 and LI 3. the reflected laser beam LIS and the transmitted laser 
beam LI 4. More specifically. 20% of the Incident laser beam LI is transmitted through the four-division 
element 16 by the action of the semitransparent reflective layer 10 as the transmitted beam LI 4; 30% of the 

25 beam component whose electric field vector is mainly diffracted by the grating 7c in a direction +45* (0 = 
45 ) from the X-axis is diffracted as the reflected and diffracted beam Li 2; 30% of the beam component 
whose electric field vector is mainly diffracted by the grating 7d in a direction -45' (-9 = 45') from the X- 
axis is diffracted as ttie reflected and diffracted beam LI 3; and the remaining 20% are reflected as the 
reflected beam LI 5. In other words, the incident laser beam Li incident upon the reflective four-division 

30 element 16 is divided into the four beam components witti the transmitted laser beam L14, each of the 
reflected and diffracted laser beams L12 and Li 3 and the reflected laser beam LI 5 occupying 20%. 30% 
and 20%, respectively, of the incident laser beam LI. 

The magneto-optical head system shown in Rg. 36 and utilizing the reflective four-division element LB 
of the construction shown in Fig. 35 operates in the following manner. 

35 The manner in which information recorded on the magneto-optical recording medium 6 is read out from 
the reflected and diffracted laser beams LI 2 and LI 3 by the photo-detectors 26 and 27 in cooperation of 
the differential detector 32 is substantially identical with that accomplished by ttie embodiment shown in 
Rg. 30. 

On tfie otiier hand, ttie detection of ttie tracking and focusing conditions from the transmitted laser 

40 beam LI 4 and the reflected laser beam L15 by a series-connected circuit of photo-detector 30 and tracking 
enxjr detector 33 and a series-connected circuit of photo-detector 29 and focusing error detector 34, 
respectively, is substantially identical with the similar detection of ttie tracking and focusing conditions from 
the transmitted laser team L4 and the reflected laser beam L5 produced by the transparent four-division 
element 1 1 shown in and described witti reference to Rg. 22. In other words, tfie reflective four-division • 

45 element 16 according to the embodiment shown in and descrit>ed witfi reference to Rg. 35 operates in a 
manner substantially similar to. and can given effects similar to ttiose exhibited by, the transparent four- 
division element 1 1 according to the embodiment of Rg. 22. 

The reflective four-division element 16 of the construction shown in and described with reference to Fig. 
35 can be manufactured in a manner substantially similar to ttie manufacture of ttie polarizing optical 

50 element that is, ttie transparent tfiree-division element 7 shown in and described witti reference to Rg. 6. 
More specifically, after the manufacture of a polarizing optical element similar in structure to ttie transparent 
three-division element 7 shown in Rg. 6, a tfiin metal film of Ag or Pt or a multi-coated thin film of dielectric 
material is deposited on the first and second gratings 7c and 7d by ttie use of any known deposition 
technique, for example, by ttie use of a vapor-deposition mettiod. tfiereby to form ttie semitransparent 

55 reflective layer 10 having a predetermined light transmissivity and a predetermined reflectivity, followed by 
ttie formation of the second substrate 15 having the smooth surface 15a by ttie use of any known mettiod, 
for example, by ttie use of a spin coating method or a vacuum deposition method to complete ttie reflective 
four- division element 16. During ttie formation of the second substiate 15 overiaylng Uie ttiin metal film or 
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multi-coated thin layer, care must be taken so as to avoid any voids or interstices between the second 
substrate 15 and the indentations in the thin metaJ film or multi- coated thin layer that are following the 
complementaj indentations in the first and second gratings 7c and 7d. 

It is to be noted that the first substrate 7a of the reflective four-division element 16 may be integrally 
5 formed with and made of the same material as the first and second gratings 7c and 7d as shown in Rg. 38. 
Also, the first and second substrates 7a and 15 may be so shaped as to represent a generally prism-like 
shape as shown in Rg. 39. 

From the foregoing description of the present invention in connection with the various preferred 
embodiments thereof, it has now become clear that since the polarizing optical element is provided with 
JO the first and second gratings crossing at the predetermined crossing angle T ar>d each having the 
predetermined grating pitch equal to or smaller than the wavelength of the laser beam used in association 
therewith, the single polarizing optical element is effective to produce the two diffracted laser t>eams and 
the single transmitted or reflected laser beams. 

In another aspect of the present invention in which the semitransparent reflective layer is formed in the 
15 polarizing opticaf element, the polarizing opticaJ element as a whole is effective to produce the two 
diffracted laser beams, the single transmitted laser beam and the single reflected laser beam. 

Accordingly, the polarizing optical element according to the present invention can play a role hitherto 
performed by the use of the two t>eam splitters and is therefore compact and Inexpensive. 

Also, in the practice of the present invention, the projection angle 2a is selected to be within the range 
20 of 70* to 110* . a change in difference between the respective intensities of the two diffracted laser beams 
can take place over a relatively wide range of change of the polarizing plane of the incoming laser beam, 
and is relatively considerable. Therefore, the notation of the polarizing plane can be easily detected. 
Particulariy where the projection angle is selected to be within the more preferable range of 84* to 96* . the 
detection of the rotation of the polarizing plane can be facilitated and, since the change in intensity of the 
25 transmitted laser beam, a change in intensity of the laser beam emitter from the laser beam source can also 
be detected. 

Again, since the projection angle 2a. is relatively small, the angle formed between the two diffracted 
laser beams can be narrowed and, therefore, the device utilizing the polarizing optical element according to 
the present invention can t^e made compact 

30 According to anotfier aspect of the present invention, since the polarization analyzing device is 
constructed with ttie use of tfie unique polarizing optical element which is effective to produce a 
combination of the single b-ansmitted or reflected laser beam and the two diffracted laser beam, or a 
combination of the single reflected laser beam, the single transmitted laser beam and tiie tY«) diffracted 
laser t)eam. the number of component parts necessitated in the polarization analyzing device can be 

35 advantageously minimized and therefore the device itself can t^e manufactured compact and inexpensive. 

Furthermore, according to the present invention, since the polarizing plane of the incoming laser beam 
which subsequently enters ttie polarizing optica! element is so designed as to tie within t 5* relative to the 
X-axis or tfie Y-axis rotated 90* from ttie X-axis, the respective intensities of the two diffracted laser beams 
can change considerably tiiereby facilitating the detection of Uie polarizing plane of the incoming laser 

^ beam. 

Yet. the detection of any one of the focusing and tracking errors can be carried out without being 
accompanied by the cross-talk between the detection signals associated respectively with tiie focusing and 
tracking error detections, making it possible to manufacture the magneto-optical head system In compact 
size and at reduced cost 

45 The use of the semitransparent reflective layer on the surface of the substrate opposite to the surface 
where ttie gratings are fonned is effective to pennntt Uie polarizing opticaJ element to compensate for any 
possible coma aberration and, therefore, the polarization analyzing device can be manufactured compact 
with a minimized numb>er of component parts. 

Although ttie present invention has fully been descrifc»ed in connection with the prefen-ed embodiments 

50 thereof with reference to tiie accompanying drawings used only for tiie purpose of illustration, those skilled 
in the art will readily conceive numerous changes and modifications witiiln ttie frameworit of otjviousness 
upon the reading of tiie specification herein presented of the present invention. By way of example, 
altiiough in any one of the foregoing embodiments of the present invention it has been shown and 
described ttiat the crossing angle T between ttie first and second gratings 7c and 7d and ttie angle A 

55 between tiie grating surface and tiie path of travel of light represented by Z-axis are selected to t>e 120* 
and 35* , respectively, they may not be always limited thereto, but may bo suitably selected depending on 
ttie grating pitch A of each of ttie first and second gratings 7c and 7d and tiie wavelength of ttie laser beam 
used. More specifically, in tiie practice of ttie present invention, ttie crossing angle T may be of a value 
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within the range of O' to 180 ' and the angle A may be of a value within the range of O' to 90 so that the 
transmitted and diffracted laser beams L2 and L3, or the reflected and diffracted laser beams LI 2 and L13. 
can be produced. 

Also, in any one of the foregoing embodiments, the polarizing plane P of the incident laser beam LI has 

5 been shown and described as being parallel to the X-axis (or Y-axis). However, in the practice of the 
present invention, where the diffraction efficiency of one of the first and second gratings 7c and 7d is 
different from that of the other of the first and second gratings 7c and 7d or where the m - n line does not 
lie on the center line between the first and second gratings 7c and 7d. the polarizing plane P of the inddent 
laser beam LI may be chosen as lying between the X-axis and the Y-axis. 

TO In addition, although in describing any one of the foregoing embodiments of the present invention the 
details of the focusing and tracking enror detections have not been set forth, any techniques hitherto used in 
the commercially available devices can be employed. For example, as shovm in any one of Figs. 25 and 40, 
the focusing condition may t»e detected by causing the reflected laser beam Lt with the use of a lens (not 
shown) so as to impinge upon the fourKJivision element 11 or 16 and then causing the four-division element 

75 11 or 16 to produce the transmitted laser beam L4 or LI 4 with which the focusing error can be detected 
according to an astigmatism detection method, and also the reflected laser beam L5 or L15 with which the 
tracking error can be detected according to a push-pull method. Other than those methods, a tracking error 
detection method utilizing three beams, a focusing en-or detection method according to the astigmatism 
detection method or by the use of Foucault method, or any other well-known method can be employed in 

20 the practice of the present invention. 

Yet, although in any one of the foregoing embodiments one beam has teen shown and described as 
employed for the detection of each of the tracking and focusing errors, a three-beam method may be 
employed in which case a grating (phase grating) may be provided tretween the semiconductor laser 
source 1 and the collimator lens 2 in. for example, the embodiment of Rg. 9 for the tracking error detection 

25 and in which the focusing error detection is carried out by the use of the four-division photo-detector 
assembly 28. Also, a X/2 plate may be disposed at any arbitrary position so that the polarizing direction of 
light can be varied. 

Furthermore, in any one of the foregoing emljodiments. the laser beam impinging upon the magneto- 
optical recording medium 6 has been shown and described as reflected from such magneto-optical 
30 recording medium 6. The present invention can. however, be equally applicable to the processing of the 
laser beam which has been passed through the magneto-optical recorcfing medium, tn otiier words, the 
polarizing optical element and the device utilizing the same can be equally applicable to the configuration 
wherein Faraday effect is utilized. 

Accordingly, such changes and modifications are, unless they depart from the spirit and scope of the 
35 present invention as delivered from the claims annexed hereto, to be construed as included therein. 



Claims 

40 1 . A polarizing optical element (7) which comprises a first sut>strato (7a) having a first surface formed 
with first and second gratings {7c, 7d) so as to cross relative to each other at a predetermined crossing 
angle (T), each of said first and second gratings (7a. 7d) having a grating pitch (A) equal to or smaller Uian 
tiie wavelength of a laser t>eam (LI) which may t>e incident upon the polarizing optical element (7). 

2. The polarizing optical element (11) as claimed In Claim 1, hirtiier comprising a generally plateHike 
45 semitransparent reflective layer (10). 

3. The polarizing optical element (16) as claimed in Claim 1. furtiier comprising a semitransparent 
reflective layer (10) overiaying the first and second gratings (7c, 7d) and a second substrate (15) having a 
smooth surface (15a) and an indented surface (15b) opposite to each other, said second substrate (15) 
being laminated over the semitransparent reflective layer (10) with the indented surface (15b) held in 

50 contact ttierewith, said indented surface (15b) of tiie second substrate (15) toeing in complemental 
relationship tn shape to the first and second gratings (7c, 7d). 

4. The polarizing optical element (14) as claimed in Claim 1, further comprising a light reflective layer 
(13) formed over the first and second gratings {7c,7d). 

5. The polarizing optical element (11) as claimed in Claim 2, wtierein the semitransparent reflective 
55 layer (10) has a reflectivity of 50% or lower relative lo the amount of the incoming laser tkeam (Li ). 

6. The polarizing optical element (11) as claimed in Claim 2 or 5, further comprising a semitransparent 
reflective layer (10) deposited on a second surface of the substrate (7a) opposite to said first surface where 
the first and second gratings f7c, 7d) are formed. 
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7. The polarizing optical element (11) as claimed in Claim 2 or 5. further comprising a semitransparent 
reflective layer (10) deposited over the first surface of the substrate (7a), said first and second gratings (7c, 
7d» being formed over the semitransparent reflective layer (10). said substrate (7a) having a second surface 
opposite to the first surface and having a non-re fiective layer (12) deposited thereon. 
5 8. The polarizing optical element (16) claimed in Claim 3, wherein material forming the first and second 
gratings (7c. 7d) and second substrate (15) have respective refractive indexes (N1. N2) which give a 
difference of 0.03 or smaller therebetween. 

9. The polarizing optical element (16) as claimed in Claim 8, wherein material forming the first and 
second gratings {7c, 7d) and second substrate (15) are made of the same material. 
10 10. The polarizing optical element (16) as claimed in Claim 3, 8 or 9. wherein the semitransparent 
reflective layer (10) has a light transmissivity within the range of 1 to 50% relative to the incoming laser 
beam (LI). 

11. The polarizing optical element (7) as claimed in any of Claims 1 to 10. wherein the K vector angle 
(Vk) formed between two K vectors (kc, kd) on the first surface in a direction perpendicular to the first and 

IS second gratings (7c, 7d) is selected to be within the range of 70" to 110* in terms of the projection angle 
(2a) formed by projecting the K vector angle (Tk) onto a plane perpendicular to the path (Z) of travel of the 
incoming laser beam (LI ). 

12. The polarizing optical element (7) as claimed in any of Claims 1 to 10, wherein the K vector angle 
(TT() formed between two K vectors (kc. kd) on the first surface in a direction perpendicular to the first and 

20 second gratings (7c. 7d) is selected to be within the range of 84* to 98* in terms of the projection angle 
(2a) formed by projecting the K vector angle (Tk) onto a plane perpendicular to the path (Z) of travel of the 
' incoming laser beam (LI). 

13. The polarizing optical element (7) as claimed in any of Claims 1 to 10, wherein the K vector angle 
(Tk) formed between two K vectors (kc, kd) on the first surface in a direction perpendicular to the first and 

25 second gratings C7c. 7d) is selected to be within the range of lO" to 20* in terms of the projection angle 
(2a) formed by projecting the K vector angle (Tk) onto a plane perpendicular to the path (Z) of travel of the 
incoming laser beam (LI). 

14. A polarization analyzing device which comprises: 

a polarizing optica) element (7; 11) comprising a substrate (7a) havirrg a first surface fonmed with first and 
30 second gratings (7c, 7d) so as to cross relative to each other at a predetermined crossing angle (T), each of 
said first and second gratings (7c, 7d) having a grating pitch (A) equal to or smaller than the wavelength of 
a laser beam (LI) which may t>e incident upon the polarizing optical element (7; 11). sakJ polarizing optical 
element (7; 11) being operable to produce two transmitted and diffracted laser beams (L2. L3) when the 
incoming laser beam (Li ) is incident upon the first and second gratings (7c. 7d) of ttie polarizing optical 
35 element (7: 11); and 

a differential detector means (32) operable -to detect the difference laetween the two transmitted and 
diffracted laser beams (L2. L3) thereby to provide an indication of a polarized condition of the incident laser 
beam (LI). 

15. A polarization analyzing device which comprises: 

•to a polarizing optical element (14; 16) comprising a substrate (7a) having a first surface fonned with first and 
second gratings (7c. 7d) so as to cross relative to each otiier at a predetemiined crossing angle (T). each of 
said first and second gratings (7c. 7d) have a grating pitch {A) equal to or smaller than the wavelengtii of a 
laser beam (LI) which may be incident upon the polarizing optical element (14; 16), and a semitransparent 
reflective layer (10) or a light reflective layer (12) formed over the first and second gratings (7c, 7d). said 

45 polarizing optical element (14; 16) being operable to produce two reflected and diffracted laser beams (Li 2. 
Li 3) when ttie incoming laser beam (LI) is incident upon ttie first and second gratings (7c, 7d) of the 
polarizing optical element (14; 16); and 

a differential detector means (32) operable to detect the difference between ttie two reflected and diffracted 
laser beams (LI 2. LI 3) thereby to provide an indication of a polarized condition of the incident laser beam 
50 (LI). 

16. A magneto-optical head system comprising a laser source (1) for emitting and projecting a laser 
beam (L ) on a magneto-optical recording medium (6) and utilizing a magneto-optical effect for reading 
information, recorded on the magneto-optical recording medium (6), by tfie utilization of reflected or 
transmitted laser beams (LI) reflected from or transmitted ttirough the magnetoHjptical recording medium 

55 (6), which system comprises: 

a polarizing optical element (T) comprising a substrate (7a) having a surface formed witti first and second 
gratings (7c. 7d) so as to cross relative to each otiier at a predetermined crossing angle (T). each of said 
first and second gratings (7c. 7d) having a grating pitch (A) equal to or smaller ttian ttie wavelength of a 
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laser beam (LI) which may be incident upon the polarizing optical element (7). said polarizing optical 
element (7) being operable to produce a transmitted laser beam (L4) and two transmitted and diffracted 
laser beams (L-2. L3) when the incoming laser beam (LI) reflected from or transmitted through the magneto- 
optical recording medium (6) is incident upon the first and second gratings (7c. 7d) of the polarizing optical 
s element (7); 

a detector (31) responsive to the transmitted lastr beam (L4) from the polarizing optical element (7) for 
detecting at least one of tracking and focusing conditions; and 

a differential detector (32) operable to detect the difference b>etween the two transmitted and diffracted laser 
beams (L2. L3) thereby to read the information- from the magneto-optical recording medium (6). 

JO 17. A magneto-optical head system comprising a laser source (1) for emitting and projecting a laser 
beam (LI) on a magneto-opticaJ recording medium (6) and utilizing a magneto-optical effect for reading 
informatioa recorded on the magnetoK)pticaJ recording medium (6). by the utilization of reflected or 
transmitted laser beams (LI) reflected from or transmitted through the magneto-optical recording medium 
(6). which system comprises: 

IS a polarizing optical element (1 1) comprising a substrate (7a) having a suriace formed with first and second 
gratings (7c 7d) so as to cross relative to each other at a predetermined crossing angle (T). each of said 
first and second gratings (7c. 7d) having a grating pitch (A) equal to or smalls than the wavelength of a 
laser beam (Li) which may be incident upon the polarizing optical element (11), said polarizing optical 
element (11) being operable to produce a transmitted laser beam (L4), a reflected laser beam (L5) and two 

20 transmitted and diffr^ted laser beams (L2, L3) when the incoming laser beam (Li) reflected from or 
transmitted through the magneto-opticaJ recording medium (6) is incident upon Ifie first and second gratings 
(7c, 7d) of the polarizing optical element (11); 

a first en-or detector (33) responsive to the transmitted laser beam (L4) from the polarizing optical element 
(1 1) for detecting one of focusing and tracking conditions; 
25 a second error detector (34) responsive to the reflected laser beam (L5) from ti^ polarizing optical element 
(1 1 ) for detecting the other of the focusing and tracking conditions: and 

a differential detector (32) operable to detect the difference between the two transmitted and diffracted laser 
beams (L2. L3) thereby to read the information from U^e magnetooptical recording medium (6). 

18. The magneto-optical head system as claimed in Claim 17, wherein said polarizing optical element 
30 (11) further comprises a semitransparent reflective layer (10) and wherein said reflected laser beam (L5) is 

the one reflected from the semitransparent reflective layer (10). 

19. The magneto-optical head system as claimed In Claim 17 or 18, wherein tiie reflected laser beam 
(L5) is reflected from the other surface (10A) of the sulfate (7a) opposite to said surface where tiie first 
and second gratings (7c. 7d) are formed. 

35 20. A magneto-optical head system comprising a laser source (1) for emitting and projecting a laser 
beam (L ) on a magneto-optical recording medium (6) and utilizing a magneto-optical effect for reading 
information, recorded on the magneto-optical recording medium (6), by the utilization of reflected or 
transmitted laser beams (LI) reflected from or transmitted ttirough the magneto-optical recording medium 
(6), which system comprises: 

40 a polarizing bpticaJ element (16) comprising a first sut>strate (7a) having a surface formed with first and 
second gratings (7c. 7d) so as to cross relative to each other at a predetermined crossing angle (T), each of 
said flrst and second gratings (7c, 7d} having a grating pitch (A) equal to or smaller than the wavelength of 
a laser tieam (LI) which may t:>e incident upon the polarizing optical element (16), a semitransparent 
reflective layer (10) formed so as to overlay tiie flrst and second gratings (7c. 7d), and a second substrate 

45 (15) having a smooth surface (15a) and an indented surface (15b) opposite to each other, said second 
substrate (15) being laminated over the semiti-ansparent reflective layer (10) with the indented surface (I5b) 
hekJ in contact therewith, said indented surface (15b) of ttie second substrate (15) being in complemental 
relationship in shape to the first and second gratings (7c. 7d). said polarizing optical element (16) toeing 
operable to produce a transmitted laser beam (LI 4). a reflected laser beam (LI 5) and two reflected and 

so diffracted laser beams (U2. L13) when tiie incoming laser beam (LI) reflected from or transmitted tiirough 
the magneto-optical recor^Sng medium (6) is incident upon ttie polarizing optical element (16); 
a first enror detector (33) responsive to the transmitted laser beam (LI 4) from the polarizing optical element 
(16) for detecting one of focusing and tracking conditions: 

a second error detector (34) responsive to iho reflected laser t>eam (LIS) from the polarizing optical 
55 element (16) for detecting the other of the focusing arKl ti'acking conditions: and 

a differential detector (32) operable to detect ti^e difference between tiie two reflected and diffracted laser 
beams (LI 2. LI 3) thereby to read the Information from the magnetocptical recording medium (6). 
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21- A magneto-optical head system comprising a laser source (1) for emitting and projecting a laser 
beam (LI) on a magneto-optical recording medium (6) ard utilizing a magneto-optical effect for reading 
information, recorded on the magneto-optical recording medium (6), by the utilization of reflected or 
transmitted laser beams (LI ) reflected from or transmitted through the magneto-optical recording medium 

s (6). which system comprises: 

a polarizing optical element (14) comprising a substrate (7a) having a surface formed with first and second 
gratings (7c, 7d) so as to cross relative to each other at a predetermined crossing angle (T), each of said 
first and second gratings (7c. 7d) having a grating pitch (A) equal to or smaller than the wavelength of a 
laser beam (LI) which may be incident upon the polarizing optical element (14). a light reflective layer (13) 

10 coated so as to overlay the first and second gratings (7c, 7d), said polarizing optical element (14) being 
operable to produce a reflected laser beam (LI 5) and two reflected and diffracted laser beams (LI 2, LI 3) 
when the incoming laser beam (LI) reflected from or transmitted through the magna to-opticaJ recording 
medium (6) is incident upon the polarizing optical element (14); 

a detector (31) responsive to the reflected laser beam (LIS) from the polarizing optical element (14) for 

IS detectirrg at least one of focusing and tracking conditions: and 

a differentiai detector (32) operable to detect the difference l>etween the two reflected and diffracted laser 
beams (LI 2. LI 3) thereby to read the information from the magneto-optical recording medium (6). 

22. The magneto-optical head system as claimed in any one of Claims 16 to 21, wherein the position of 
a polarizing plane of the incident laser beam (LI) is so selected as to be inclined at an angle of 5 ' or 

20 smaller relative to the axis (X) which divides into two equal part the projection angle (2a) formed by 
projecting the K vector angle (Tk). which is delimited between respective K vectors (kc. kd) of the first and 
second gratings (7c, 7d). on a plane perpendicular to the path (Z) of travel of the incoming laser beam (Li ), 
or relative to the different axis (Y) which is rotated 90* from said axis pO dividing the projection angle (2a)- 
into the two equal parts. 

25 
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Fig. 11 
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Fig. 12 
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